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(57) ABSTRACT 

A method and system for providing an energy assisted mag 
netic recording (EAMR) disk drive are described. The EAMR 
disk drive includes a media, a slider having a trailing face, at 
least one EAMR head on the slider, and at least one vertical 
surface emitting laser (VCSEL). The VCSEL(s) includes a 
plurality of quantum wells and an extended resonance cavity. 
The VCSEL(s) provides energy to the EAMR disk drive. The 
extended resonance cavity extends into the slider and is ori 
ented substantially perpendicular to the trailing face of the 
slider. The EAMR head(s) include grating(s), waveguide(s), a 
write pole, and coil(s) for energizing the write pole. At least a 
portion of the grating(s) reside in the extended resonance 
cavity and couple energy from the VCSEL to the 
waveguide(s). The waveguide(s) direct the energy from the 
grating(s) toward the media. 

29 Claims, 4 Drawing Sheets 
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1. 

METHOD AND SYSTEM FOR PROVIDING 
ENERGYASSISTED MAGNETIC 

RECORDING DSK DRIVE USINGA 
VERTICAL SURFACE EMITTING LASER 

BACKGROUND 

FIG. 1 depicts a side view of portion of a conventional 
energy assisted magnetic recording (EAMR) disk drive 10. 
The conventional EAMR disk drive 10 includes a recording 
media 12, a conventional slider 20, and a conventional laser 
diode 30 that are typically attached to a suspension (not 
shown). Other components that may be part of the conven 
tional EAMR disk drive 10 are not shown. The conventional 
slider 20 is typically attached to the suspension at its back side 
24. A conventional EAMR transducer 22 is coupled with the 
slider 20. 
The conventional EAMR transducer 22 includes a grating 

(not separately shown) on the slider 20. Light from the con 
ventional laser diode 30 is provided substantially along the 
optic axis 32 of the conventional laser diode 30 to the grating 
of conventional EAMR transducer 22. The light from the 
laser diode 30 is then provided to a waveguide. The 
waveguide directs the light toward the conventional media 12. 
heating a small region of the conventional media 12. The 
conventional EAMR transducer 22 magnetically writes to the 
conventional media 12 in the region the conventional media 
12 is heated. 

Although the conventional EAMR disk drive 10 may func 
tion, improvements in optical efficiency may be desired. 
Accurately placing the conventional slider 20 and conven 
tional laser diode 30 may be difficult. As a result, misalign 
ments may occur. Such misalignments may increase insertion 
loss of the laser light due, for example to back reflections. 
Optical efficiency and, therefore, performance of the conven 
tional EAMR disk drive 10 may suffer. In addition, manufac 
turing yield and/or manufacturing time may suffer. Further, 
the temperature of the conventional EAMR disk drive 10 may 
vary in the region of the laser 30. Such changes in temperature 
may change the wavelength of the light produced by the laser 
30. As a result, optical efficiency of the conventional EAMR 
disk drive may suffer. Thus, the conventional EAMR disk 
drive 10 may be high in cost, have lower than desired optical 
efficiency, and may have manufacturability issues. 

Accordingly, what is needed is a system and method for 
improving manufacturability and performance of an EAMR 
transducer. 

BRIEF SUMMARY OF THE INVENTION 

A method and system for providing an energy assisted 
magnetic recording (EAMR) disk drive are described. The 
EAMR disk drive includes a media, a slider having a trailing 
face, at least one EAMR head on the slider, and at least one 
vertical surface emitting laser (VCSEL). The VCSEL(s) 
includes a plurality of quantum wells and an extended reso 
nance cavity. The VCSEL(s) provides energy to the EAMR 
disk drive. The extended resonance cavity extends into the 
slider and is oriented substantially perpendicular to the trail 
ing face of the slider. The EAMR head(s) include grating(s), 
waveguide(s), a write pole, and coil(s) for energizing the 
write pole. At least a portion of the grating(s) resides in the 
extended resonance cavity and couple energy from the 
VCSEL to the waveguide(s). The waveguide(s) direct the 
energy from the grating(s) toward the media. 
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2 
BRIEF DESCRIPTION OF SEVERAL VIEWS OF 

THE DRAWINGS 

FIG. 1 depicts a side view of a conventional EAMR disk 
drive. 

FIG. 2 depicts a side view of an exemplary embodiment of 
a portion of an EAMR disk drive. 

FIG.3 depicts top and side views of an exemplary embodi 
ment of a portion of an EAMR disk drive. 

FIG. 4 depicts top and side views of an exemplary embodi 
ment of a portion of an EAMR disk drive. 

FIG. 5 depicts an exemplary embodiment of a method of 
forming a portion of an EAMR disk drive. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 depicts a side view of an exemplary embodiment of 
a portion of an EAMR disk drive 100. The EAMR disk drive 
100 includes media 102 and slider 110. For clarity, FIG. 2 is 
not to scale. For simplicity not all portions of the EAMR disk 
drive 100 are shown. In addition, although the EAMR disk 
drive 100 is depicted in the context of particular components 
other and/or different components may be used. For simplic 
ity, only single components 110, 120, and 130 are shown. 
However, multiples of each components 110, 120 and/or 130 
and their sub-components, might be used. 
The EAMR disk drive 100 includes media 102, a slider 110 

having a trailing face 112, an EAMR head 120, and a vertical 
surface emitting laser (VCSEL) 130. Additional and/or dif 
ferent components may be included in the EAMR disk drive 
100. Although not shown, the slider 110, and thus the VCSEL 
130 and EAMR head 120 are generally attached to a suspen 
sion (not shown). In order to write to the media 102, energy 
106 from the head 120 is focused to a spot on the media. The 
energy 106 heats a region 104 of the media 102. The energy 
may be in the form of a light or other electromagnetic beam 
from the EAMR head 120. The heated region 106 is typically 
larger than the size of the optical spot developed by the energy 
106 on the media 102. 
The VCSEL 130 is oriented substantially perpendicular to 

the trailing face 112 of the slider 110 and generates the energy 
used in heating the media 102. In some embodiments, the 
VCSEL 130 is coupled with the slider 110 such that a her 
metic seal is formed. The VCSEL 130 includes quantum 
wells 132 and extended resonance cavity 134. The quantum 
wells 132 and extended resonance cavity 134 allow the 
VCSEL to lase. The VCSEL 130 is thus the source of energy, 
generally laser light within the optical range of the spectrum. 
However, in another embodiment, the VCSEL 130 might 
generate energy in another portion of the spectrum. In addi 
tion to the quantum wells 132 and extended resonance cavity 
134, the VCSEL 130 may include an aperture and an antire 
flective coating (ARC) between the grating(s) 122 and the 
quantum wells 132. In some embodiments, the VCSEL may 
also include a lens between the grating(s) 122 and the quan 
tum wells 132. In such embodiments, the antireflective coat 
ing resides on the lens. 
The VCSEL extends into the slider 110. More specifically, 

at least a portion of the extended resonance cavity 134 of the 
VCSEL 130 extends into the slider 110. In Some embodi 
ments, the extended resonance cavity 134 is oriented in a 
direction substantially perpendicular to the trailing face 112 
of the slider 110. For example, the length of the extended 
resonance cavity 134 this direction may be not more than one 
hundred microns. In some embodiments, this length is at least 
fifteen and not more than sixty microns. In some Such 
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embodiments, the length is at least twenty five and not more 
than thirty-five microns. Some sides of the extended reso 
nance cavity 134 might also be reflective. For example, in 
some embodiments the extended resonance cavity 134 has 
mirror(s) (not shown) or other reflective surface(s) (not 
shown). These mirror(s) may reside opposite to the quantum 
wells 132 and/or opposite to the end of the grating 122. In 
Some embodiments, a portion of the extended resonance cav 
ity 134 is thermally conductive. As a result, the VCSEL 130 
may be thermally and electrically coupled with the slider 110. 
Further, the VCSEL 130 in general and the extended reso 
nance cavity 134 are configured such that the VCSEL 130 is 
in a single mode. This may be single mode may be maintained 
in various ways. For example, the single mode may be 
induced by a thermal lens formed by temperature gradients in 
the VCSEL 130, by carrier injection, by use of a lens, by use 
of a mirror that controls the diameter of the extended reso 
nance cavity 134, and/or by control of the size of an aperture 
between the quantum wells 132 and the extended resonance 
cavity 134. 
The EAMR head 120 resides on the slider 110. In general, 

the EAMR head 120 includes a write transducer and a read 
transducer. However, for clarity, only the write portion of the 
EAMR head 120 is shown. The EAMR head 120 includes at 
least one grating 122, at least one waveguide 124, one or more 
write poles 126, and at least one coil 128 for energizing the 
write pole(s) 126. As can be seen in FIG. 2, at least a portion 
of the grating(s) 122 reside in the extended resonance cavity 
134. In some embodiments, all of the grating(s) 122 are in the 
extended resonance cavity 134. The grating(s) 122 couple 
energy from the VCSEL 130 to the waveguide(s) 124. In 
some embodiments, the grating(s) 122 couple energy travel 
ing in a direction Substantially perpendicular to a transmis 
sion direction of the energy from the quantum wells 132 to the 
grating(s) 122. 
The waveguide 124 directs the energy from the grating(s) 

toward the media 102. In the embodiment shown, the 
waveguide(s) 124 are external to the extended resonance cav 
ity 134. In other embodiments, a portion of the waveguide(s) 
124 resides in the extended resonance cavity 134. 

In operation, the optical energy is sourced in the quantum 
wells 132 and developed in the extended resonance cavity 134 
of the VCSEL 130. The energy in the extended resonance 
cavity 134 is coupled to the grating 122. Energy from the 
grating 122 is redirected by the waveguide 124 to the ABS. If 
a near-field transducer (NFT), which is not shown in FIG. 2, 
is used, the waveguide 124 may be optically coupled with the 
NFT. The NFT or waveguide 124 focuses the energy onto the 
media 102. The energy from the VCSEL 130, shown by the 
beam 106, thus forms an optical spot on the media 102. The 
energy heats the media 102, forming thermal spot 104. The 
pole(s) 126 may be energized by coils 128 and 129 to write 
data within the thermal spot 104 of the media 102. 

Using the EAMR disk drive 100, performance may be 
enhanced while costs are reduced. The VCSEL 130 may be 
capable of reliably providing a relatively high power at a 
lower cost. For example, the VCSEL 130 may be a thirty 
through eight hundred milliwatt laser having a length of not 
more than one hundred micrometers. The VCSEL 130 may 
also be configured to operate in a single transverse mode. 
Thus, the VCSEL 130 may output a high energy, which trans 
lates into more energy to the media 102. Further, the conver 
sion efficiency of the grating 122 may be high. In some 
embodiments, energy not scattered by the grating 122 may be 
reflected within and feedback through the extended reso 
nance cavity 134. Stated differently, the majority of the 
energy within the extended resonance cavity 134 is either 
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4 
coupled out through the grating 122 or remains in the cavity 
to continue lasing of the VCSEL 130. Thus, the conversion 
efficiency of the EAMR disk drive 100 may be high. The 
VCSEL 130 may be thermally stable. More specifically, the 
VCSEL 130 may exhibit small changes in wavelength with 
changes in temperatures. As a result, the VCSEL 130 remains 
within the desired wavelength range for functioning of the 
grating 122, waveguide 124, and/or other optics. Reduced 
insertion loss and improved coupling efficiency may be 
achieved. The VCSEL 130 may be thermally coupled to the 
slider 110. Consequently, the slider 110 may function as a 
heatsink. Further, mounting the VCSEL 130 on the slider 110 
may be accomplished using wafer level integration. Thus, a 
high degree of precision in alignment is possible. Further, the 
VCSEL 130 does not require a cleaving process to form the 
output facet. Such a process may generate defects that can be 
a main cause of failure in conventional lasers. Thus, higher 
manufacturing Volume, higher yield, improved reliability of 
the VCSEL 130, and lower production cost may be achieved. 
In addition, the bonding of the VCSEL 130 to the slider 110 
may result in a seal being formed between the slider 110 and 
the interior of the VCSEL 130. Because the extended reso 
nance cavity 134 may be sealed, reliability of the VCSEL 102 
may be enhanced. 

FIG.3 depicts top and side views of an exemplary embodi 
ment of a portion of an EAMR disk drive 100'. FIG.3 is not to 
scale. Although the EAMR disk drive 100' is depicted in the 
context of particular components additional, other and/or dif 
ferent components may be used. Referring to FIGS. 2-3, the 
EAMR disk drive 100' is analogous to the EAMR disk drive 
100. Consequently, the EAMR disk drive 100' includes a 
slider 110', a head 120', and a VCSEL 130' that are analogous 
to the slider 110, EAMR head 120, and VCSEL 130, respec 
tively. For clarity, only a portion of the EAMR disk drive 100' 
is shown. For example, only the grating 122" and waveguide 
124 of the EAMR head 120' are shown. Similarly, media 102, 
spot 104, and the suspension to which the slider 110' is gen 
erally attached are not depicted. 
The slider 110' includes trailing face 112' and has contacts 

114. Coupled with the slider 110' is VCSEL 130'. The VCSEL 
130' is oriented substantially perpendicular to the trailing face 
112 of the slider 110'. The VCSEL 130' includes quantum 
wells 132 and extended resonance cavity 134'. In addition, 
the VCSEL 130' also has N-distributed Bragg reflector (DBR) 
136 and P-DBR 138, aperture 140 in oxide 147, antireflective 
coating (ARC) 142 between the quantum wells 132 and the 
grating 122" (described below), mirrors 144, and 146, por 
tions 148, 150, 152, and 154 which enclose the VCSEL 130'. 
In some embodiments, the VCSEL 130' is coupled with the 
slider 110' such that a hermetic seal is formed by components 
of the VCSEL 130', such as the portions 148, 150, and 152. 
Further, contact 156 is shown. 
The quantum wells 132 generate energy, which passes 

through the aperture 140 to the extended resonance cavity 
132. In some embodiments, the aperture 140 is approxi 
mately 0.1 micron in diameter. To reduce reflections, the ARC 
layer 142 is provided within the extended resonance cavity 
134'. In some embodiments, energy from the quantum wells 
132 travels, at least to a certain extent, perpendicular to the 
trailing face 112 of the slider 110'. In the embodiments 
shown, therefore, the extended resonance cavity 134 of the 
VCSEL 130' extends into the slider 110' in a direction Sub 
stantially perpendicular to the trailing face 112 of the slider 
110'. For example, the length of the extended resonance cav 
ity 134 a direction perpendicular to the trailing face 112 of 
the slider 112' may be not more than one hundred microns. In 
Some embodiments, this length is at least fifteen and not more 
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than sixty microns. In some such embodiments, the length is 
at least twenty five and not more than thirty-five microns. 

Also provided in the extended resonance cavity 134 are 
mirrors 144 and 146. Mirror 146 resides in the extended 
resonance cavity 134 opposite to the quantum wells 132 and 
the reflective N-DBR 136 and P-DBR 138. The mirror 146 is 
desired to be highly reflective. Thus, energy from the quan 
tum wells 132' that might otherwise be absorbed by the sub 
strate 101 or otherwise lost is reflected by the mirror 146 and 
DBRs 136 and 138 and recirculated in the extended resonance 
cavity 134. Similarly, the mirror 144 is configured to reflect 
energy traveling Substantially parallel to the trailing face 112 
of the slider 110'. In some embodiments, the mirror 144 may 
be replaced by a grating. As discussed previously, the grating 
122 may be configured to couple energy traveling toward the 
left in FIG. 2. Thus, energy not coupled by the grating 122 
may be reflected by the mirror 144 and recirculated in the 
extended resonance cavity 134. Without the mirror 144, a 
greater portion of the energy may be absorbed or otherwise 
lost by the region 148. 

In some embodiments, a portion of the extended resonance 
cavity 134 is thermally conductive. As a result, the VCSEL 
130' may be thermally and electrically coupled with the slider 
110'. For example, the region 148 extends from the N-DBR 
136' to the substrate 101. The region 148 may have a higher 
thermal conductivity. Thus, the slider 110' may act as a heat 
sink for the VCSEL 130. 

Further, the VCSEL 130' in general and the extended reso 
nance cavity 134 in particular are configured Such that the 
VCSEL 130' is in a single mode. This may be single mode 
may be maintained in various ways. For example, the single 
mode may be induced by a thermal lens formed by tempera 
ture gradients in the VCSEL 130', particularly in the extended 
cavity 134'. Alternatively, the single mode might be main 
tained by some combination of the thermal lens, carrier injec 
tion at the quantum wells 122", the size of the mirror 146, 
and/or control of the size of the aperture 140. For example, the 
size of the mirror 146 in the plane perpendicular to the plane 
of the page may be used to control the diameter of the 
extended resonance cavity 134' and thus the mode of the 
VCSEL 130'. 

Also shown in FIG. 3 is a portion of the EAMR head 120 
residing on the slider 110'. The EAMR head 120' includes 
grating 122", waveguide 124'having core 126, one or more 
write poles (not shown), at least one coil (not shown) for 
energizing the write pole(s), as well as other components. The 
entire grating 122 and part of the waveguide 124' reside in the 
extended resonance cavity 134'. The grating 122 couples 
energy from the extended resonance cavity 134 to the 
waveguide 124'. In the embodiment shown, the grating 122 
couples energy traveling in a direction Substantially perpen 
dicular to a transmission direction of the energy from the 
quantum wells 132 to the grating 122 (toward the left in FIG. 
3). The waveguide 124' directs the energy from the grating 
122 toward the media. In the embodiment shown, a portion 
the waveguide 124' is internal to the extended resonance 
cavity 134'. In other embodiments, all of the waveguide 124 
may reside external to the extended resonance cavity 134'. 

The EAMR disk drive 100' operates in substantially the 
same manner as the EAMR disk drive 100. Using the EAMR 
disk drive 100', therefore, performance may be enhanced 
while costs are reduced. More specifically, the EAMR disk 
drive 100' is configured such that the VCSEL 130' may be 
used as a higher power, single mode, thermally stable, reli 
able, lower cost energy source. The extended resonance cav 
ity 134 having mirrors 144 and 146 as well as the grating 122 
therein allows for a high conversion efficiency, reduced inser 
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6 
tion loss and improved coupling efficiency. The VCSEL 130' 
may be heat sinked to the substrate 101 of the slider 110'. 
Further, mounting the VCSEL 130' on the slider 110' may be 
accomplished using wafer level integration. Thus, higher 
manufacturing Volume, improved alignment, improved reli 
ability and lower production cost may be achieved. Bonding 
of the VCSEL 130 to the slider 110 may result in a hermeti 
cally sealed extended resonance cavity 134, which may 
improve the reliability of the VCSEL 130'. Thus, perfor 
mance, cost, and reliability of the EAMR disk drive 100' may 
be improved. 

FIG. 4 depicts top and side views of an exemplary embodi 
ment of a portion of an EAMR disk drive 100". FIG. 4 is not 
to scale. For clarity, only a portion of the EAMR disk drive 
100" is shown. Although the EAMR disk drive 100" is 
depicted in the context of particular components additional, 
other and/or different components may be used. Referring to 
FIGS. 2-4, the EAMR disk drive 100" is analogous to the 
EAMR disk drives 100 and 100'. Consequently, the EAMR 
disk drive 100" includes a slider 110", a head 120", and a 
VCSEL 130" that are analogous to the slider 110/110', 
EAMR head 120/120', and VCSEL 130/130', respectively. 
Thus, the slider trailing face 112", the quantum wells 132", 
the extended resonance cavity 134", N-DBR 136', P-DBR 
138', aperture 140', ARC 142', mirrors 144' and 146', portions 
148, 150', 152', and 154" of the extended resonance cavity 
134', grating 122" and waveguide 124" having core 126 cor 
respond to the slider trailing face 112, the quantum wells 132, 
the extended resonance cavity 134, N-DBR 136, P-DBR 138, 
aperture 140, ARC 142, mirrors 144 and 146, portions 148, 
150, 152, and 154 of the extended resonance cavity 134, 
grating 122 and waveguide 124 having core 126, respectively. 
The EAMR disk drive 100" includes analogous compo 

nents to the EAMR disk drives 100/100'. The EAMR disk 
drive 100" also functions in an analogous manner as the 
EAMR disk drives 100 and 100'. Thus, the benefits of the 
EAMR disk drives 100/100' may beachieved. In addition, the 
EAMR disk drive 100" includes lens 158 within the extended 
resonance cavity 134". The ARC 142 resides on the lens 158. 
The lens 158 collimates light from the quantum wells 132". 
The lens 158 may also be used by itselfor in combination with 
the thermal lens described above, the aperture 140', quantum 
wells 132", the ARC 142', the mirror 146', and/or other por 
tions of the disk drive 100' to ensure that the VCSEL 130" is 
in a single mode. The lens 152 may also focus the energy from 
the quantum wells 132". Thus, performance of the EAMR 
disk drive may be enhanced. 
FIG.5 depicts an exemplary embodiment of a method 200 

of forming a portion of an EAMR disk drive. For simplicity, 
Some steps may be omitted, combined, replaced, performed 
in another sequence, and/or interleaved. The method 200 is 
described in the context of the EAMR disk drives 100/100'? 
100". However, the method 200 may be used for other EAMR 
disk drives. The method 200 also may commence after for 
mation of some portions of the EAMR disk drive 100/100/ 
100". The method 200 is also described in the context of 
providing a single disk drive. However, the method 200 may 
be used to fabricate multiple disk drives at substantially the 
same time. 
The slider 110/110/110" is provided, via step 202. Step 

202 may include preparing the trailing face 112 for bonding 
Of the VCSEL 130/130/130'. 
The VCSEL 130/130/130" is provided, via step 204. The 

VCSEL 130/130/130" includes quantum wells 132/132/ 
132" and an extended resonance cavity 134/134/134". Step 
204 may include preparing portions of the VCSEL 130/130'/ 
130", such as the portions 148/148' that form the extended 
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resonance cavity 134/134/134", inspecting portions of the 
VCSEL 130/130/130", and then bonding portions of the 
VCSEL 130/130/130", such as the quantum wells 132/132/ 
132", the N-DBR 136/136' and the P-DBR 138/138'. 
The EAMR head 120/120/120" is provided on the slider 

110/110/110", via step 206. In some embodiments, step 206 
includes multiple Substeps. These substeps form the compo 
nents of the EAMR head 120/120/120", for example using 
photolithography or other means. Thus, the waveguide 124/ 
124/124", the grating 122/122/122", pole(s), shield(s), and 
coil(s) may be formed. 

Thus, using the method 200, the disk drives 100/100/100" 
may be provided. As a result, the benefits of the disk drives 
100/100/100" may be achieved. 

I claim: 
1. An energy assisted magnetic recording (EAMR) disk 

drive including a media comprising: 
a slider having a trailing face; 
at least one vertical surface emitting laser (VCSEL) includ 

ing a plurality of quantum wells and an extended reso 
nance cavity, the at least one VCSEL for providing 
energy to the EAMR disk drive, the extended resonance 
cavity extending into the slider and oriented Substan 
tially perpendicular to the trailing face of the slider, the 
extended resonance cavity and the plurality of quantum 
wells allowing the at least one VCSEL to lase; and 

at least one EAMR head on the slider, the at least one 
EAMR head including at least one grating, at least one 
waveguide, a write pole, and at least one coil for ener 
gizing the write pole, at least a portion of the at least one 
grating residing in the extended resonance cavity and 
coupling energy from the VCSEL to the at least one 
waveguide, the at least one waveguide directing the 
energy from the at least one grating toward the media. 

2. The EAMR disk drive of claim 1 wherein a portion of the 
at least one waveguide resides in the extended resonance 
cavity. 

3. The EAMR disk drive of claim 1 wherein the extended 
resonance cavity further includes a mirror opposite to the 
plurality of quantum wells. 

4. The EAMR disk drive of claim 1 wherein the VCSEL 
further includes an antireflective coating between the at least 
one grating and the plurality of quantum wells. 

5. The EAMR disk drive of claim 4 wherein the VCSEL 
further includes a lens between the at least one grating and the 
plurality of quantum wells, the antireflective coating being on 
the lens. 

6. The EAMR disk drive of claim 1 wherein the at least one 
grating couples a portion of the energy traveling in a direction 
Substantially perpendicular to a transmission direction of the 
energy from the plurality of quantum wells to the at least one 
grating. 

7. The EAMR disk drive of claim 6 wherein all of the at 
least one grating is in the extended resonance cavity. 

8. The EAMR disk drive of claim 1 wherein the VCSEL 
further includes an aperture between the plurality of quantum 
wells and the extended resonance cavity. 

9. The EAMR disk drive of claim 1 wherein the slider 
includes a Substrate and wherein a thermally conductive por 
tion of the extended resonance cavity extends from the 
VCSEL to the substrate such that the VCSEL is thermally and 
electrically coupled with the slider. 

10. The EAMR disk drive of claim 1 wherein the VCSEL is 
coupled with the slider such that a hermetic seal is formed. 

11. An energy assisted magnetic recording (EAMR) disk 
drive including a media comprising: 

a slider having a trailing face; 
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8 
at least one vertical surface emitting laser (VCSEL) includ 

ing a plurality of quantum wells and an extended reso 
nance cavity, the at least one VCSEL for providing 
energy to the EAMR disk drive, the extended resonance 
cavity extending into the slider and oriented Substan 
tially perpendicular to the trailing face of the slider; and 

at least one EAMR head on the slider, the at least one 
EAMR head including at least one grating, at least one 
waveguide, a write pole, and at least one coil for ener 
gizing the write pole, at least a portion of the at least one 
grating residing in the extended resonance cavity and 
coupling energy from the VCSEL to the at least one 
waveguide, the at least one waveguide directing the 
energy from the at least one grating toward the media; 

wherein the extended resonance cavity has a length Sub 
stantially perpendicular to the trailing face of the slider, 
the length being not more than one hundred microns. 

12. The EAMR disk drive of claim 11 wherein the length is 
at least fifteen and not more than sixty microns. 

13. The EAMR disk drive of claim 12 wherein the length is 
at least twenty five and not more than thirty-five microns. 

14. The EAMR disk drive of claim 1 wherein the extended 
resonance cavity includes a mirror oriented Substantially per 
pendicular to the trailing face of the slider and opposite to the 
at least one grating. 

15. The EAMR disk drive of claim 1 wherein the VCSEL 
and the extended resonance cavity are configured Such that 
the VCSEL is in a single mode, the single mode being at least 
one of a thermal lens induced single mode, a carrier injection 
induced single mode, a lens induced single mode, a mirror 
induced single mode, and an aperture size induced single 
mode. 

16. An energy assisted magnetic recording (EAMR) disk 
drive including a media comprising: 

a slider having a trailing face and a Substrate, 
at least one vertical surface emitting laser (VCSEL) 

coupled with the slider, the VCSEL including a plurality 
of quantum wells, an aperture, a lens, and an extended 
resonance cavity, the at least one VCSEL for providing 
energy to the EAMR disk drive, the extended resonance 
cavity extending into the slider and being oriented Sub 
stantially perpendicular to the trailing face of the slider, 
the extended resonance cavity having length substan 
tially perpendicular to the trailing face of the slider, the 
length being at least twenty microns and not more than 
sixty microns, the aperture being between the lens and 
the plurality of quantum wells, the lens residing between 
the aperture and the extended resonance cavity, the lens 
including an antireflective coating, the extended reso 
nance cavity having a first mirror opposite to the lens and 
a second mirror, the first mirror being Substantially par 
allel to the trailing face of the slider, the extended reso 
nance cavity being configured such that the VCSEL is in 
a single mode, the single mode being at least one of a 
thermal lens induced single mode, a carrier injection 
induced single mode, a lens induced single mode, a 
mirror induced single mode, and an aperture size 
induced single mode; 

an EAMR head on the slider, the EAMR head including a 
grating, a waveguide, a write pole, and at least one coil 
for energizing the write pole, the grating residing in the 
extended resonance cavity and coupling energy from the 
VCSEL to the waveguide, the waveguide directing the 
energy from the grating toward the media, the write pole 
for magnetically writing data to the media, the grating 
coupling a portion of the energy traveling in a direction 
Substantially perpendicular to a transmission direction 
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of the energy from the plurality of quantum wells to the 
grating, the second mirror being Substantially perpen 
dicular to the trailing face of the slider and opposite to 
the grating, the second mirror being coupled to a ther 
mally conductive portion of the extended resonance cav 
ity that extends to the substrate. 

17. A method for providing an energy assisted magnetic 
recording (EAMR) disk drive including a media, the method 
comprising: 

providing a slider having a trailing face; 
providing at least one vertical Surface emitting laser (VC 
SEL) including a plurality of quantum wells and an 
extended resonance cavity, the at least one VCSEL for 

10 

providing energy to the EAMR disk drive, the extended is 
resonance cavity extending into the slider and oriented 
substantially perpendicular to the trailing face of the 
slider, the extended resonance cavity and the plurality of 
quantum wells allowing the at least one VCSEL to lase; 
and 

providing at least one EAMR head on the slider, the at least 
one EAMR head including at least one grating, at least 
one waveguide, a write pole, and at least one coil for 
energizing the write pole, at least a portion of the at least 
one grating residing in the extended resonance cavity 
and coupling energy from the VCSEL to the at least one 
waveguide, the at least one waveguide directing the 
energy from the at least one grating toward the media. 

18. The method of claim 17 wherein a portion of the at least 
one waveguide resides in the extended resonance cavity. 

19. The method of claim 17 wherein the extended reso 
nance cavity further includes a mirror opposite to the plurality 
of quantum wells. 

20. The method of claim 17 further wherein the step of 
providing the VCSEL further includes: 

providing an antireflective coating between the at least one 
grating and the plurality of quantum wells. 

21. The method of claim 20 wherein the step of providing 
the VCSEL further includes: 

providing a lens between the at least one grating and the 
plurality of quantum wells, the antireflective coating 
being on the lens. 

22. The method of claim 17 wherein the at least one grating 
couples a portion of the energy traveling in a direction Sub 
stantially perpendicular to a transmission direction of the 
energy from the plurality of quantum wells to the at least one 
grating. 
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23. The method of claim 22 wherein all of the at least one 

grating is in the extended resonance cavity. 
24. The method of claim 17 wherein the slider includes a 

substrate and wherein a thermally conductive portion of the 
extended resonance cavity extends from the VCSEL to the 
substrate such that the VCSEL is thermally and electrically 
coupled with the slider. 

25. The method of claim 17 wherein the step of providing 
the VCSEL further includes: 

coupling the VCSEL with the slider such that a hermetic 
seal is formed. 

26. A method for providing an energy assisted magnetic 
recording (EAMR) disk drive including a media, the method 
comprising: 

providing a slider having a trailing face; 
providing at least one vertical Surface emitting laser (VC 

SEL) including a plurality of quantum wells and an 
extended resonance cavity, the at least one VCSEL for 
providing energy to the EAMR disk drive, the extended 
resonance cavity extending into the slider and oriented 
substantially perpendicular to the trailing face of the 
slider; and 

providing at least one EAMR head on the slider, the at least 
one EAMR head including at least one grating, at least 
one waveguide, a write pole, and at least one coil for 
energizing the write pole, at least a portion of the at least 
one grating residing in the extended resonance cavity 
and coupling energy from the VCSEL to the at least one 
waveguide, the at least one waveguide directing the 
energy from the at least one grating toward the media; 

wherein the extended resonance cavity has a length Sub 
stantially perpendicular to the trailing face of the slider, 
the length being not more than one hundred microns. 

27. The method of claim 26 wherein the length is at least 
fifteen and not more than sixty microns. 

28. The method of claim 17 wherein the extended reso 
nance cavity includes a mirror oriented Substantially perpen 
dicular to the trailing face of the slider and opposite to the at 
least one grating. 

29. The method of claim 17 wherein the VCSEL and the 
extended resonance cavity are configured Such that the 
VCSEL is in a single mode, the single mode being at least one 
of a thermal lens induced single mode, a carrier injection 
induced single mode, a lens induced single mode, a mirror 
induced single mode, and an aperture size induced single 
mode. 


